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PREFACE TO THE SECOND EDITION

The circumstances that led to the first publica-
tion of this book as well as its general scope and
character are explained fully by Dr. Ricketts in
the preface to the first edition. The book met
with such favorable reception that the edition was
exhausted while the demand continued active.
This indicated that an actual want had been met
and so it was determined to publish a new edition,
revised and enlarged, and for some time previous
to his greatly lamented and untimely death Dr.
Ricketts gave freely of his already heavily taxed
energies and strength to the work of revision.

Surely a simple word or two in tribute to the
memory and achievements of Dr. Ricketts are not
out of place at this point. He died in Mexico City,
May 3, 1910, at the age of 39, from typhus fever
which he was investigating with splendid success
when he was taken ill. Thus a noble and inspiring
career of large service to humanity and of rich
promise came to a sudden and heroic end. During
his short but intensely active life as an investi-
gator in the field of infectious diseases Dr. Rick-
etts made important contributions of permanent
value to medical science: he greatly advanced our
knowledge of blastomycosis; he solved the most
important problems in the cause and transmission
of Rocky Mountain spotted fever, and discovered
that this disease is conveyed by a tick (Derma-
centor venustus and D. modestus), in which the
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PREFACE TO THE SBECOND EDITION. v

II and III have been revised by Dr. Dick in the
light of recent work and some of them largely or

' wholly rewritten, notably those on “Syphilis” and
“Spotted Fever.” As a result the size of the book
has been increased nearly 200 pages. It has bheen
the aim throughout to follow the lines laid down
by Dr. Ricketts in order to secure an adequate
presentation, suitable for physicians in general,
of the large subjects of infection and immunity
as illustrated by the human infectious diseases in
the light of modern knowledge. The present
intense and widely spread activity of investigation
in these fields, with its many discoveries, is giving
us new principles and methods of treatment, cura-
tive as well as preventive, and of diagnosis, which
require a thorough mastery by the physician in
order that they may be used to the best advantage.
It is my belief that this book by Dr. Ricketts as
revised and enlarged by himself and Dr. Dick will
be of real service to the physician who desires a
reliable guide to a helpful understanding of the
subjects with which it deals. May the use to
which it is put show that the labor expended on
it shall not have been in vain.

Lupvic HEKTOEN.
CHicAGO, May 5, 1911.
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PREFACE TO THE FIRST EDITION

Immunity, in its present state of development,
with its manifold new terms and special methods
of experimentation, is a subject which appears
difficult to one who has not studied the newer
literature assiduously and grown into a knowledge
of the conditions through actual work in the lab-
oratory. Much of the literature is techmical in
character and appears in journals not commonly
found in the hands of the physician and student.
Much of it also is comparatively recent, and its
“essence” has not yet appeared in books which are
in general use. The literature of immunity, more-
over, grows so amazingly that the analysis even of
current works is a task of no mean proportions.

At the same time, the subject is one of great
interest and importance, and there exists a gen-
eral wish, frequently expressed, to know more
about the recent advances and the conditions which
have operated against the success of serum therapy
on a broader scale.

The editor of The Journal of the American
Medical Association, appreciating the need which
seemed to exist, requested me to prepare a series
of articles on the subject of “Immunity,” which
should present the general principles and the
important theories and facts, in as simple a man-
ner as possible. These articles appeared from week
to week during 1905 in The Journal of the Amer-
ican Medical Association, and after revision, and






PREFACE TO THE FIRST EDITION. ix

In relation to the grouping of the infectious
diseases adopted in Part III, attention is called
to the explanatory paragraph, page 398.

It will be noted that a bibliography of the sub-
ject of immunity has not been added, and this
needs no explanation to one who is conscious of
the massive proportions of the literature. A crit-
ical analysis of the entire literature, which would
not have been in harmony with the endeavor to
present the topics briefly and clearly, and which
would have made detailed references essential, has
not been attempted. The most recent literature
on the various subjects is accessible through the
Indezx Medicus, or the index prepared semi-
annually by The Journal of the American Medical
Association.

The index at the close of this volume serves as
a gloseary of terms, the explanations of which may
be found on the pages referred to.

H. T. RickerTs.
CHicagco, February, 1906.
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HEREDITARY INFECTION. 63

It is conceivable that micro-organisms may pass
from the mother to the child by way of the blood
through the placenta at the inception of labor dur-
ing an early stage of separation of the placenta
from the uterine wall.

Infection of a child, as with gonorrheal ophthal-
mia, during delivery is not regarded as an ex-
ample of “inheritance” of disease. It is an extra-
uterine process, a congenital infection.








































































S8PECIFICITY IN TRANSMISSION. 87

malaria, only Glossina flies appear to transmit na-
gana and sleeping sickness, and only Dermacentor
ticks carry Rocky Mountain spotted fever. An
exception is found to this in the case of a spiril-
losis of fowls in South America. Naturally this
diseage is transmitted by a species of tick, Argas
miniatus, but experimentally it may also be trans-
mitted by Ornithodorus moubata. The latter, in
addition to transmitting the disease just men-
tioned, may also carry the European relapsing
fever, and is habitually concerned in the convey-
ance of the South African tick fever of man.


























































































































































































NATURAL IMUUNITY. 149

The special features of the phagocytic theory of
immunity are considered in a later chapter. For
many details in regard to inflammation. the reader
is referred to the classic article of Adami on this
subject in the first volume of Allbutt’s “System of
Medicine.”

B. Properties of the Serum and Plasma.

We have seen that the protection afforded by
the body surfaces may be effective against both
microbes and their toxins, and that local inflam-
matory processes, although most certainly antago-
nizing the bacteria, may at the same time have
some antitoxic value.

The term “natural immunity,” however, as indi- ;‘;::s“’
cated in the preceding chapter, has a peculiar appli- )
cation to the natural resistance of some species or
races of animals to infections to which other spe-
cies or races are susceptible; and to an unusual in-
dividual resistance often secn in members of a
given race or species. This condition depends on
properties residing in the tissues or fluids of the
body, and consequently is independent of any pro-
tection which the body surfaces afford. Its pres-
ence is demonstrated in the most striking man-
ner by the experimental method, when micro-or-
ganisms or toxins are injected directly into the tis-
sues or circulation. At the same time everv-day
observation provides many examples.

In certain instances natural immunity or sus- Zoological
ceptibility sliows a relation to zoological affinities. Feipajon-
Thus only man and the higher apes are susceptible
to syphilis; and only animals which are closely
related to cattle, as sheep, goats and other rumi-
nants, suffer from rinderpest. There are many
























CELL RECEPTORS. 157

»f an snima’ do mot possess groups or receprors
which are capable of forming a chemical union
with the taxin, the latter would be unable to pro-
cuee injury, i. e, the animal would be immune
even in the absence of ail bactericidal or antitoxic
properties. ‘This condition. however, is not one
which is capable of satisfactorr demonstration.
at least at present, but the conditions point irre-
sistibly to its existence in some cases.

We are accordingly led to the conclusion that
immunity to toxins is not in all cases antitoxic,
in the sense that the serum contains demonstrable
antitoxin ; and likewise that immunity to bacteria
is not in all cases antibacterial, in the sense that
the serum contains substances which are able to
kill the bacteria in test-tabe experiments. Non-
susceptibility and phagocytosis may be of impor-
tance in resistance of this type.

There is another factor, however, which may
throw light on the type of natural immunity just
considered. We know that tetanus toxin causes
tetanus through its power of uniting with the
nerve cells, and we may consider that tetanus is
a very fatal disease. primarily because of the vital
nature of the tissue which it attacks. Now, if the
toxin, instead of uniting with the cells of a vital
organ, were to combine with cells of less impor-
tance to the economy. as, for example. the cells
of the subcutaneous tissue, it is probable that we
should have no tetanus. In some of the lower ani-
mals there is reason to believe that the toxin of
tetanus does nunite with such tissne (Metchnikoff).
Roux and Borrel believe that the greater degree of
immunity to tetanus which the rabbit has over the
guinea-pig is due largely to the fact that the rab-






















































ANTIFERMENTS. 1756

serum of an animal which has been immunized

with goat’s milk will cause a precipitate in the

latter, but not in cow’s milk. (See “Precipitins.”) ,
It has also been possible to obtain specific anti- Antiterments.

bodies for ferments: for the peptonizing ferments

of bacteria, for emulsin, lab, fibrin ferments, etec.
There are, however, a great many substances for

which antibodies can not be obtained ; this is true

for substances of known chemical composition,

such as acids, bases. ralts, and for the alkaloids

(strychnin, morphin, aconite, etc.)




















































































ANTITOXINS. 203

As regards the structure of the antitoxin (cast-
off receptor), it is necessary to assume only the
presence of the proper haptophorous group. Ehr-
lich designates all receptors of this simple type as
“receptors of the first order.” 1In following
sections we will have to do with receptors of the
second and third orders.

Wassermann gives the following list of anti-
toxins:

ANTITOXINS FOR BACTERIAL TOXINS.

Diphtheria antitoxin.

Tetanus antitoxin.

Botulism antitoxin.

Pyocyaneus antitoxin.

Symptomatic enthrax antitoxin.

Antileucocidin, an antitoxin for the leucocytic

poison of the staphylococcus.

Antitoxins for the blood dissolving toxins of a

number of bacteria.

ANTITOXINS FOR ANIMAL TOXINS.

Antivenin for snake poison.

Antitoxin for scorpion poison.

Antitoxin for spider poison.

Antitoxins for certain poisons of fish, eel serum,
salamander, turtle, and for wasp poison,

ANTITOXINS FOR PLANT TOXINS.

Antiricin, for a red blood corpuscle poison of
the castor oil bean.

Antiabrin, for a similar poison of the jequirity
bean.

Antirobin, for robin, a locust tree poison.

Anticrotin, for crotin, a toxin from the bean of
Croton tiglium, the croton oil bean.

Receptors of
the First
Order.






ANTITOXINS. 200

The discovery of Hektoen that certain salts are
able to neutralize the toxic action of some serums,
by combining with the so-called complement, may
also be mentioned in this connection.




















































































AGGLUTINATION. 233

bear opposite electrical charges result in sedimenta-
tion when they are mixed in suitable proportions.
Eosin and Bismarck brown, mastic and colloidal
ferric hydroxid (Fe(OH),), colloidal silicic acid
and colloidal ferric hydroxid are mixtures which
behave in this way. Here also the inhibiting
“prozone” is obtained in concentrated solutions.
An analogy appears to exist between bacteria
which have absorbed agglutinin and certain colloids
in that both may be agglutinated by the additjon
of suitable electrolytes. This phase of the agglu-
tination of bacteria was referred to previously. In
a like manner “agglutinin-bacteria” and the col-
loids mentioned may alike be precipitated by
various salts (electrolytes), such as the chlorids of
sodium, calcium and potassium, and many others.?

1. Buxton and Rahe: Jour. Med. Research, 1909, xx, 113.














































































































































































































































































SUMMARY. 323

because it stimulates the leucocytes to increased
phagocytosis. '

4. Natural immunity to toxins depends on the
power of the leucocytes, and perhaps the genera-
tive organs, to absorb the toxin.

5. Active immunity to toxins is established
through the activity of the leucocytes, by which
the toxin is probably so changed as to constitute
antitoxin,

6. In passive antitoxic immunity the antitoxin
presumably acts by stimulating the phagocytes to
an increasced absorption of the toxin.






































































































OPSONINS AND EHRLICH’S THEORY. 359

cytosis would seem to be of prime importance in
the first group, and the antitoxic and bactericidal
power of the serum in the second.

Investigations from various sources render un-
questionable the value of phagocytosis in certain
infections, and of particular significance is the
work concerning opsonins which was referred to in
the preceding chapter. From this work it follows
that even for the phagocytic destruction of bac-
teria the serum contains properties which are of
essential importance. This appears of all the more
importance from the fact that immunization with
at least some micro-organmisms (streptococcus,
staphylococcus) causes an increase in opsonins or
bacteriotropic substances.

The accompanying illustration, with some modi-
fications, is taken from “Ehrlich’s Settenketten-
theorie,” by Ludvig Aschoff. The cell used for
immunization is assumed to be a cell which will
cause the formation of antitoxin, agglutinin or
precipitin, and bactericidal amboceptors; the
diphtheria bacillus is such an organism, consider-
ing toxin as one of the receptors of the bacillus.
This means that the bacillus is able to cause the
overproduction of all three types of receptors. The
illustration, however, is on the basis of a hypo-
thetical cell (p. 360).

A list of immunizing bodies, their anti-bodies,
and synonyms for complement and amboceptor,
is also appended (p. 361).

Opsonins.






IMMUNIZATION WITH ANTIBODIES.

361

Li1sT OF IMMUNIZING BODIES AND THEIR ANTIBODIES.

Antigens or
Immunizing
substances.

Toxins.
Complements

Ferments.
Precipitogen-
ous sub-
stances
Agglutinogen-
ous sub-
stances
Opsuvnigenous
substances
of bacteria
Cytotoxin pro-
ducing sub-
atances

Precipitins

Agglutinins

Cytotoxins
Hemolysins,
etc

Complement

Alexin
Cytase

Products of
immuniza-
tion.

Antitoxins.
Anticomple-
ments
Antiferments
Precipitins

Agglutinins

Opsonins

Cytotoxins.... {Bacterlol sins

Hemolysins

Special Cyto-
st.oxms‘;0 .
rmotoxin
Ng:)hrotoxin
Hepatotoxin
Neurotoxin
Syncytioly-
sin, etc.

IMMUNIZATION WITH ANTIBODIES,

Antiprecipitins
Antiagglutinins (1)

Anticytotoxins

Antihemolysins,

etc.

Consisting

Contisting o f
two bodies,
i. e., comple-
ment and
amboceptor,

either of anti-

complements or antiam-

boceptors; the latter

may be an antibody for

the complementophilous
or for the cytophilous
haptophore of the ambo-

ceptor.

SYNONYMS8

Amboceptor

Immunkirper
ZwischenkOrper
Intermediary bod
Substance sensibi
Fixator
Preparator
Copula

Desmon

risatrico




























































CHAPTER XXIIIL

ANAPHYLAXIS.

Attention has already been called to the fact
that an individual may be more susceptible to
infections at one time than at another through
various accidental conditions, as exposure and
exhaustion. This, however, is not a specific hyper-
susceptibility and is usually more or less transient.

In contrast to this accidental condition, stands
a . specific susceptibility which is now commonly
known as anaphylaxis. The condition of the in-
dividual or animal is spoken of by V. Pirquet as
allergy (Allergie), a word which conveys the idea
of an altered power of reaction on the part of the
animal body.

Y. Pirquet’s conception of allergy is best de-
scribed in his own words, in which he uses vac-
cination and revaccination as an illustration.
“Vaccinia, with which we can at any time institute
an infection, is just as much an infectious disease
as is variola, of which it represents an attenuated
form. Let us inoculate one person who was
vaccinated two Years previously and who, accord-
ing to the customary view, is immune, with a
drop of lymph. Then inoculate another who has
not gone through this process and attend it
closely. Now will the immune person show ab-
solutely nothing? On the contrary, when we re-
turn after 24 hours, we find in the one who
received his first inoculation (the normal person),
a small crust showing no reaction, while in the
















































SERUM DISEASE. 397

It has been suggested that by passive sensitiza-
tion of guinea-pigs with patient’s serum, we can
"ascertain whether or not there is any danger in
second injections of serum.

It has also been suggested that a cutaneous test,
similar to a v. Pirquet tuberculin test, be made
with horse serum to find out whether or not hyper-
susceptibility to horse serum be present.










































































































































































































































































































































































































































































































































































































































































































































ASPERGILLUS. 641

of man, and other fungi (aspergillus, mucor),
which occasionally are pathogenic for man, will not
be discussed.




































OTHER SPIROCHETES. 653

Iv. OTHER SPIROCHETES.

Among other pathogenic spirilla may be men-
tioned Spirocheta anserina, of the spirillosis of
geese, Spirocheta gallinarun, causing a fatal dis-
ease of chickens and S. Theileri, found in a disease
of cattle in Africa. The last two are transmitted
by ticks.















































































































































































































SPOTTED FEVER. 723

1907. In order to ascertain the probable source
of the virus as occurring in the tick, Ricketts
showed that ground squirrels, rock squirrels, chip-
munks and ground-hogs were susceptible to the
disease.

Ricketts concludes as follows as to the mainte-
nance of spotted fever: “In accordance with the
results and deductions which have been outlined,
it is conceived that spotted fever is maintained as
follows: A certain percentage of the female ticks
which have acquired the disease as a consequence
of feeding on animals, the latter having been in-
fected by other ticks, transmit the disease to their
offspring through the egg. The new generation,
during the process of feeding, tramsfer the virus
to certain of the susceptible small wild animals
(ground squirrels, rock squirrels, chipmunks,
ground hogs, and perhaps others), and this may
take place during either the larval, nymphal or
adult stage, hence at various times of the year.
During the infection of the wild animal it is re-
quired that hitherto normal ticks, either as larve,
nymphs or adults, acquire the disease by feeding
simultaneously with, or shortly after, the feeding
of the infected ticks. Regardless of the tick’s
stage of development at the time it acquired the
disease, the virus is retained into the adult period,
and in certain of the females reaches the germ
cells and again appears in the next generation.
The infection of man is an unessential incident
for maintenance, and depends on the occasional
and accidental bite of the infected adult tick.”

The virus of spotted fever is not filterable
through Berkefeld candles. The eggs of infec-

Maintenance.








































































MEASLES. 747

sis (Klotz). How much of this leucocytosis de-
pends on co-existing streptococcus infection re-
mains uncertain.

Treatment with antistreptococcus serum is the serum
only serotherapeutic measure which has been ad- Ther=r»-
vocated in relation to scarlet fever. This is done
either on the assumption that the disease is of
streptococcus etiology, satisfactory proof of which
has not yet been obtained, or with the hope that
the serum will influence favorably secondary in-
fections with the streptococcus. The serums of
Aronson, Moser and of Menzer have been tried
more than others. Moser is probably more enthu-
siastic than others, and he claims a reduction in
the mortality from an average of 13.08 per cent.
to 8.9 per cent. in 400 cases. Others have observed
a favorable influence in some cases, but the re-
sults are not uniform. The development of sec-
ondary streptococcus infections can not be pre-
vented by the use of the serums, although it is
stated that their severity may be moderated.

Of theoretical interest is the report by Weiss-
becker and by v. Leyden that the serum of con-
valescents causes a reduction of the temperature
and a shortening of the course of the disease.

The results published up to the present time
indicate that we have not as yet an efficient serum
for scarlet fever (see also p. 527).

X. MEASLES.

Bacilli which have been recognized in the con- pyere-
junctiva, sputum and nasal passages in cases of orsaniama.
measles have, for the most part, resembled either
the diphtheria or the influenza bacilluz. Pseudo-
diphtheria bacilli are normal residents in the eye,






PERTUBSSIS. 751

Disregarding some other bacilli which certain The Influ-
investigators have attempted to bring into rela- Baciilus of
tion with pertussis, we may note the essential facts She>%'"
concerning an influenza-like bacillus which has Jochmana.
been found with great constancy and by many
competent investigators in the sputum of patients.

First observed by Sprengler (1897) in pertussis
sputum, this organism or bacilli similar to it have

been found by Czaplewski and Hensel, Zusch,
Cavasse, Vincenzi, Elmassian, Luzzatto, Arnheim,
Jochmann and Kruse, Reyher, Smit. Wollstein,

and Davis. The organism is said to be somewhat

larger and thicker than the true influenza bacillus,

but has the same bipolar staining affinity and the

same demand for hemoglobin for its growth in

pure cultures. There is some difference of opinion

as to whether the organisms described by these
different observers are all identical and as to
whether all have worked with pure cultures. The
conclusion of Davis would seem to sum up the
situation: “With the exception of Manicatide,
probably all of the investigators, at least in more

recent years, have been dealing, either in pure or
impure cultures, with the influenza-like bacillus,

first described by Sprengler and later by Joch-
mann.” Culturally they are not to be differen- Hemophilie
tiated from the influenza bacillus. When in pure and Sym-
culture they demand hemoglobin for their develop- hlonts.
ment, although the amount of hemoglobin may be

so small as not to color the medium. When in

mixed culture with the streptococcus, staphylo-
coccus, pneumococcus and B, aerosis, they grow
abundantly even in the absence of hemoglobin.
Hence, in relation to symbiosis, also they resemble

the influenza bacillus. For symbiotic development
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ing cough as similar to that of the streptococcus
to scarlet fever—i. e., a very important compli-
cating organism.

Davis finds still further reason for doubting its
specific relationship to whooping cough from the
fact that it was found frequently in measles, acute
influenza, epidemic meningitis, bronchitis, vari-
cella and in normal throats.

In 1906 Bordet and Gengou isolated a bacillus
from cases of whooping cough and gave the fol-
lowing reasons for believing that it was the spe-
cific etiologic factor in this disease: 1. The organ-
ism is found in overwhelming numbers during the
early course of the disease and in almost pure cul-
ture. 2. The bacilli as antigen give a comple-
ment-fixation reaction with the serum of pertussis
patients and this reaction does not occur with
other bacteria associated with the disease.

The organism is a short, polar-staining ovoid
resembling the influenza bacillus but slightly lar-
ger. Bordet and Gengou grew the organisms on a
culture medium made up of a glycerin-potatoe-
blood-agar mixture. On this medium the organ-
ism grows in the form of a delicate film made up
of very small colonies and changes the medium to
a dark brownish color.

Wollstein was able to confirm the finding of
the bacillus in -the early stages of pertussis, but
failed to obtain the complement-deviation reac-
tion. Agglutination was very irregular and no
immune opsonins were found. The etiologic rela-
tionship of the organism to whooping cough is at
present uncertain.

The organism is disseminated extensively by

coughing, and the same is probably true of the es-

Bacillus of
Bordet and
Gengou.
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ism of other observers, hence, his antiserum can
not be accepted unreservedly as a specific serum
for whooping cough. Smit found that an anti-
serum for the influenza-like organism exerted no
influence on the disease. Bordet found the serumn
of a horse immunized to his bacillus of question-
able curative value.

XIII. MUMPS (EPIDEMIC PAROTITIS).

Mumps occurs epidemically in children, particu-
larly in schools, in other institutions, and in sol-
diers confined to barracks. It is most frequent in
the spring and autumn and probably is endemic in
large centers of population. It is contagious, the
virus probably being disseminated from the upper
respiratory passages with infected droplets of spu-
tum and saliva. The discase has an incubation
period of two to three weeks and runs its course
in from seven to ten days.

Involvement of the testis, ovary or female breast
are complications to be feared in adult life; “orchi-
tis, albuminuria, with convulsions, acute uremia,

- endocarditis and peripheral neuritis are occasional
complications” (Osler). Fatal meningitis devel-
ops rarely. Very young infants and adults are at-
tacked less frequently than children of school age.

In 1893, Laveran and (‘atrin described a diplo- piplococet
coccus obtained by aspiration of the exudate in the ™ Mamps.
parotid gland. The organism was also isolated
from the testicle in orchitis cases and from the
circulating blood.  Since that time, diplococei
have been isolated from cases of mumps by a num-
ber of observers. In 1909, Herb isolated a diplo-
coccus which she considers as probably identical
with the organisms described by previous writers.
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The disease has been known for over half a cen-
tury, but it has been recognized as an infectious
disease for only a few years.

Although various bacteria have been described T s
in connection with the disease, there has been little )
reason for considering them other than mixed in-
fections or contaminations.

Flexner and Lewis found that the virus of
poliomyelitis is filterable and describe very minute
bodies occurring in the infectious filtrate. The
bodies can be stained with Loeffler’s flagella stain
and cause a cloudiness in culture media after suit-
able incubation. The transfer of a small amount
of such cloudy media to a second clear media re-
sults again in cloudiness after incubation. The
virus loses its virulence when heated to from 45°
to 50° C. for half an hour, but resists freezing.

Landsteiner and Popper, in 1909, and Knépfel- Expertmenta
macher a little later, succeeded in producing polio- Feliomyelttis
myelitis in monkeys by injection of emulsified
cords of children dying of the disease. They were
unable to infect second animals with material
from the first. Later, in 1909, Flexner and Lewis
were able to produce poliomyelitis in monkeys in
a way similar to that described by Landsteiner
and Popper, and succeeded in transmitting the
disease from one monkey to another.

Infection may be produced in monkeys by in-
jecting the virus into the brain, spinal canal sub-
cutaneous tissue, peritoneal cavity or into the large
nerves,

Experimental poliomyelitis can be produced by Distribution
the injection of material from the blood at the
beginning of the infection and by injection of
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bacilli from noma in 1905. The organism is an
obligative anaerobe requiring a temperature of
about 37° C. for growth. The presence of blood
serum or ascites fluid is necessary for obtaining
the best growth, but cultures can be obtained on
glycerin agar. All cultures have a foul odor.

On ascites agar the bacilli occur as delicate
pointed Gram-negative rods. In ascites broth the
organisms are more slender, not so pointed, and
tend to form chains. On solid media wavy fila-
ments are found. In old cultures forms similar
to the spirilla found in the tissues were found.
Tunnicliff isolated from the gums of healthy sub-
jects, fusiform bacilli which were apparently iden-
tical in cultural characteristics and morphology
with those found in noma. In pure cultures
grown several days spirilla were found rather con-
stantly and it would seem as if the spirilla were
simply a stage in the development of the fusiform
bacilli.

The number of cases in which the bacilli and
spirilla have been found associated with noma
makes it strongly probable that they are the cause
of the disease.

Fusiform bacilli and spirilla similar to those
isolated from noma have been found in ulcero-
membranous angina and stomatitis, in hospital
gangrene and in fetid infections in various parts
of the hody.
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Antibacterial serums (see Bacterlolysins).......... 370-375
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Mechanism of production, 343; origin of, 354, 480
scheme of, 360 ; specificity of, 352 ; union with anti-
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Anticomplements ................ .00 000 269. 280, 151
Anticrotin . ... ... ... . i 203
Antleytotoxins ... ... 295, 361
Antiferments ....... ... .. e e 175, 204
Antigen of Wassermann test. ... ... ... . e 287
Antigens.

Scheme of, 360; unlon with tissue cells, character

of, 344.

Antiglobulin .......
Anti-immune serum .
Antllaccase ............ ... .. ...,
Antlleucocldin . ........ .. .. . L i
Antileucotoxic scrum
Antinephrotoxin ........ ... ... ... . il K
Antineurotoxin ............ . ... .. i i,

For venom, 430.

Antlpepsin ... ... e e
Antiprecipitins .
Antlrennet .......... ... . o,

Antirfeln ... o L oL .
Antirobin ........ ... .. . 208
Antispermotoxin ... ... ... . L e 206
Antistaphylolysin ................. et !
Antisteapsin ......... . ... .. . i i, ..
Antistreptocolysin ....... ... L. L i
Antitoxing ........ ... .. L, 167, 204,

Early administration of, 367. 368 : curative action of,
366, 367 ; discovery of, 10: examination of by U. K.
Hyglenic Laboratory, 188 ; for animal toxins, 203:
for B. botulinia, 625 for B. diphtherie, 404, 406 :
for B. pyocyaneus. 424 for B. tetani, 367, 416:
for bacterial toxins, 203: for plant toxins (abrin,
crotin, ricin, robin, phallin), 203, 427: for pollen
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therapeutic use of, 370 ; see Amboceptors and Com-
plements.
Bacterfolysis and Dbacterfolysin...................... 2435
Bacteriolysis.
Group reaction, 268; mechanism of, 260: Pfeiffer's
phenomenon, 246 ; similarity to hemolysis, 250 ; see

Bacteriolysins.
Bacterfolytic enzymes, relation to iImmunity............ 172
Bacteriotropic substances .................. ... ... 371, 548
Balantidium coli, morphology, occurrence and p:lthogon-
feity .............. P 691, 092
Balantidium minutum ..............eueunruennrennns 692
Henzgl ring; use of, as an analogy in Ehrlich's theory.
340,

Bile,

Bactericidal and antitoxic properties of, 142 ; immune

ugglntlnlnq in, 209.

Biologic test, 283 : biologic test for species: see Precipitins.
“Black Death' ; see Plague.
“Blackwater fever” In malarla....................... 663
Blastomycetic dermatitis ; see Oldiom) cosis.
Blastomycosis ; see Oldlom\ cosls.
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Bodo urinariug ......... ... i i i 694
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Absorption of toxin, 421; antitoxin, 203, 422; im-
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577; typbold bacilius, 435.
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Amedba coli in; see Amebic dysentery: Balantilium
coli in, 691; Cercomanas intestinalis in, 692 ; colon
bacillus in, 468; pneumococcus in, 514; staphylo-
coccus in, 544; streptococcus in, 520, 521, 523;
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Fixation of, by amboceptors, 352; manner of union
with cells, 341 ; non-formation of antibodies for, 343.
Foot-and-mouth disease ......................... 26, 27
Fowls, epithelloma contagiosum of................... 26

Fusiform bacilli: see Noma.
“Gambian Fever;” see Trypanosomatic Fever.
Gastric juice.

Protective rdle of, 141, 478, 494.

Gelatin@se ............cciiieiiiiiiiinniinaeannenns 538
German measles (Rtheln) ............ ... .ovvnnns 750
Glanders (FArcy) ....oviveiiincnneennss 25, 138, 623-629

Animals, susceptibility of, 623 ; bacilll, distribution of
in the body, 625; connective tissue development in,
626: diagnosis, bacteriologic, 628; healing proc-
esses in, 627 immunity, 627 ; infection atria, 625,
626 ; mallein in diagnosis of, 628 ; organs involved,
627 phagocytosis, 627 : serotherapy, 628; tissue
reactions, 626; sce Bacillus mallei.
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700; virus, flterability of, 27, 698; virus fize,
700, 705; virus, resistance of, 699.
Ichthyosismus .. .. :gg

Ichthyotoxin
Immunity.

Absolute, 135; acquired, 129, 161-175; active, 134,
161, 168; antibacterial, 132, 149, 154, 355; anti-
toxfc. 132, 154, 155, 354; definition of, lés: in
families, 13 ; leucocytes, relation to; see Phago-
cytosis; natural, 129, 137-160; early theories of,
1; passive, 134, 169 ; relative, 134 ; theories of, 7,
12; types of, 135; see Antitoxins, Bacterlolyslns.
Phagocytosis and the individual diseases.

Immunization.

Actlive, a curative measure, 364 ; active, for proghyl-
axis, 376; classification of methods, 362; choice
of animals for, 373; mixed, 364, 378; passive, as
curative measure, 364; passive, in Prophglaxsls,
364 ; with tissue cells, 294 ;: with toxins, 10.

lmpetlﬁo contagiosa.

Staphylococcus in, 520; streptococcus in, 520.

Incubation perfod ............ 0 ittt 354
Infection

“Afir borne,” 19; atrium of, 19, 137, 141; carriers,
39; contact by, 19; mixed, 26, 30, 81, T; see
individual diseases; “water borne,” 19; infectious
agents, classification of, 21.

Infectiousness and contagiousmess................... 18
Infectivity 88
Infestation 14
Inflammation.

Antagonism of, to infections, 148; chemotaxis, 146;
connective tissue, inflammatory role of, 143, 148;
fibrin, influence of, 148; injurious effects of, 143,
144 ; leucocytes in, 145, 147 ; nature of, 143 ; organi-
zation in, 147; phagocytosis in, 145-147; plasma,
influence of, 147; relation of, to virulence of bac-
teria, 144, 145; role of, in immunity and resist-
ance, 143; variations in intensity, 144-146.

INfluenzA .......citivtirrrenncanseseannnanns 25, 563-569

Conjunctivitis in, 567; chronic, 567; contagiousness
of, 563; epldemics of, 563; immunity, 568 ; infec-
tion atrium, 567; intestinal, 566; intoxicatlon,
566 ; meningitis in, 566, 567 ; mixed and secondar,
Infections in, 567 ; otitis media in, 566, 567 ; peri-
tonitis In, 566, 567 ; phagocytosis in, 566 ; pneumonia
during, 510, 566 ; Proph laxis, 568 ; recurrence of,
161, 568 ; susceptibllity, 568 ; transmission of, 567 ;
tuberculosis during, 567 ; see Bacillus influenze.

Insects.

In transmission, 67; incubation in, 81.
“Intestinal group” of bacteria
Intoxication Ceeieaaee
Iso-agglutinins ................ .
Isopreciplting ......... ... ittt
Kala-Azar ..........c.i0iiiiiiiniinennncnneanneenns 696
LAactOoBerum ..........cciiueiniinnrennsnnannnas
Lamblia intestinalis ..................ccivveinnenns 694
Leischman Donovan Bodies: See Kala-Azar.
“Lefstungskern” ............cci0tiineincnienanns 209, 339
Lecithin as endocomplement. .............civiueennas 274
“Leproln” ... ... . i i it i 621
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Periostitis albuminosa ................... ... .. 0. 545
Perilostitis, staphylococcus im....................... 545

Peritonitis.

Colon bacillus in, 468; by influenza bacillus, 566,
567 ; pneumococcus ln, 513, 514 ; staphylococcus in,
544 ; streptococcus in, 520, 523"; tuberculous, 587.

Pertuula. see Whooping-cough.
Pfeiffer’'s phenomenon .........ccovennneesonnas 210, 246

In indentifying the vibrio of cholera, 471; roOle of
leucocytes in, 318.

Phagocytic (Metchnikoff's) theory of immunity....306, 331

Comparison of, with the side-chain theory of Ehrlich,

, 357 ; see Phagocytosis.
Phagocytosis ..........cciveevnnennns 9, 146, 306-331, 354

In active immunity, 168, 169, 324, 325; chemotaxis
in, 307, 315; fixators, influence of, 320 in inflam-
matlons 145 ; intestinal, 143, 307; lntrnvascular,
318; Ieucocldln influence of, 539% in nutrition,
302; in passlve lmmunlty, 169 relation of to viru-
lence of bacteria, 314, 317; "in resorption, 308 ;
gserum, influence of, 317; in vltro 153 ; see under
the indlvidual micro-organisms and dlsensos; see
Opsonins.

Phagolysis . 311, 312, 318, 320
Phallln ...... . 428
Phrynolysin ..
Phytoprecipitins ......
Placental transmission
Plagiomonas urinaria .
Plague ........c.ccveunennn

Agglutinatlon reactlon, 492 ; anlmals, suscoptlbilitf'
484 ; contagiousness 487 ; diagnosis, bacterio og!c
488 ; dissemination of bacillus by urine, feces,
sputnm 487 : epldemiology. 487, 488; focl of, 485:
Immunity, 161, 169, 489, 490 ; infection atria, 487
mixed immynization in, 489; mixed Infection in.
488 ; occurrence, 481; houses, 487; pro hylaxls,
488 ; in rats, 486; serum thera) ¥, 490 49 trans-
mission by fleas, 486 ; transmission from rat to man,
486, 487 ; vacclnntlon. 166, 362, 389 ; vaccines, 489,
490 ; see Bacillus pestis.

Plasmin of Buchmer...............c0vvivnnannn 363
Plasmodia of malaria. 25, 654
Anopheles mosquito as host of, 24, 6'35 asexual
cycle, 656; development in anopheles 656 devel-
ogment in man, 655 : discovery of, 634 ﬂugella of,

634 ; macrogamete, 656 ; merozoites, 656 ; methylene
blue, effect of, 661 ; microgamete, 656 microgame-
tocyte, 656 ; odcyst, 657 ; odkinet., 657 ; schlzogony,
6356, 660 ; sexual cycle, 656 ; specles of, 655 ; sperma-
tozoltes, 654; sporocyte, 656; sporogony, 657;

sporozoites, 657 ; sec Malaria.
Plasmodium malari@ ...............cccinveeinnenns 655

Relation to clinical symptoms, 659 ; sexual and asex-
ual cycles of, 656; virulence, 660.

Plasmodium DPra&cor .............ciiiieiiiiiiinnnnn 655

Relation to clinical symptoms, 650 : sexual and asex-
ual cycles of, 658 ; virulence, 660.

Plasmodium 1ivar ...........cciiiiiiiiiiiriiiaanas 655

Asexual cycle of, 650; relation of to clinical symp-
toms, 659 ; sexual cycle of, 656 ; virulence, 660.

Pneumococcus ; see Diplococcus pneumonie.
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Pyocyamolysin ....... ... . i i 424
Pyroplasma boris,; see Texas fever.

Pyroplasma hominis; see Spotted Fever.

Pyroplasmas, Inheritance of........................ 77
Pyroplasmosis ; see Spotted fever and Texas fever.

Rabies, See Hyrophobla

Radium, effect ON VENOM.......ocovvnsocvenannseens 431

Rats in egldemics of plague............covvina.. 486, 487

Rattlesnake venom. .
Antiserum for, 431; immunization with, 363.

Ray fungus; see Actinomyces................... 486, 487

Receptors.

Bacterial, 267 ; function of, 156, 200, 201 ; immunity,
relation to, 343; loss ot as cause of immunity,
403 ; multipllcity of, 200, 352; new formation of,
343, 349, 351 ; nutrition, relation to, 339; of first
order, 03 344, 351; of second order, 228 347,
351, 353; of the third order, 263, 347, 351; syno-
nym for 'side chain, 341; tetanophile receptors of
nervous tissue, 415; types of, 351; see different
antibodies. Recrudesconces 101. recurrences, 101.

Relapsing fever ........ ... ciiiittnennnocncas 25, 642-646

Agglut nation test, 645; Immunity and susceptlbillt

, 645; organism of, sce Spirocheta obermei
phagocytosls in, 644 ; prophylaxis, 644 ; serum prop-
ertles, 645 ; scrotherupy. 645 ; transmission of by

bedbugs 643.
Resistance, nntural, sce Immunity, natural.
Resorptlon
Of foreign cells, 309 ; of native cells, 308.
Rheumatic fever ... ...ttt reennonannnas 525-527

Agonal Invasions in, 525; antistreptococcus serum fin,
535; baclllus of Achalme in, 525; dlplococcus
(qtreptococcus) in, 526; experimental, 523, 526
micro-organisms found in lesions, 525; sta) hylococ-
cus in, 525; streptococcus in. 520, 523, 526;
Zymotosis translucens, 525.

Rhinitis.

Meningococcus in, 559 J)m-umococcus in, 514; pril-
mary to menlngllls 5 ; staphylococcus in, 544 ;
Rhinitis fidrinosa, 400.

Rhinoscleroma .. : .
| 13 T4 § T T

Antiricin, 174 ; Ehrlich's use of {n studying naturc of

antitoxic nctlon 345, 346; hemagglutinin in, 218.
4114
Rétheln, sce German measles.
Saccharomycot‘n hominis ........
Salamander poison, antitoxin for.
Saprophytes
In tetanus

Barcocystitis hominis; sec Sarcosporidia.

Sarcosporidia.

Morphology, occurrence and proliferation, 690, 691 ;

8arcocystis hominis, 691.
Scarlatina ; see Scarlet fever.
Scarlet fever (scarlatina)........................ T44-747

Agglutination of streptococcl by serum, 536, 537 ; con-
taglousness, 745 ; ('yclaster scarlatinalis in, 744 ;
Diplococcus scarlatine, 26; leucocytes In, 7T46;
Micrococcus catarrhalis, 550; micro-organisms in,
745; prophylaxls, 745; protozoa in, 25, 744; re-
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Bpirocheta obermefert ..........ccc00iinnnccannns 25, 642
Animals, susceptlblllty ot 643 antlserums. propertles
of, 644 distribution in the bq&i‘y 643 ; morphology,
642 ; occurrence in bed bugs, 3 ; phagocytoals of,
644, 645 ; see Relapsing fever.
Spotted fever. ... ..e.n.. .. veeeeeoes 18, 720-7253
Immunity in, 725; maintenance ot 723; mlcro-
organisms ln 724 ; pyroplasma homiénis in, 720;
transmission to man, 722; to other animals, 722;
transmission by ticks, 721, 723
8taphylococcus pyogenes, or staph lococcus. . .......537-550
Agglutination, 2086, 549 amylold degeneration, 542;
animals, susceptlblllty of, 543; antiserums, prop-
ertles, 547; bactericidal ‘action’ of leucocytic exu-
dates, 546 ; bacteriolysin, 546, 547 ; dlscovery, 516 ;
endotoxln. .»40 ferments of, 538 ; hemolytlc actlon.
538, 539 lmmunlty. 316. 546, 547: leucocidin,
539, 547, 549: leucocytes in infections, 545, 546;
leucotactle substance, 542; mixed lntectlons 545
morphology, 537 ; necrotlzlnf substance. 542
ogenic powers, 139 501, 510, 520, 525 43 544
556 ; opsonlns in plmfocytosls of, 549 phlgocy-
tosls. 545, 546, 548 ; pigment tormatlon. 541 poly-
valent serum, 550; resistance, 541, 542 staphy-
lol sln 435, 539, 542, 547 ; symbiosis with Amebdba
687 symb!osls with B. influenze, 564 ; toxicity
ot culture filtrates, 539, 540; toxin, soluble. 542
vaccination agalnst 548 varlctles, 540 541 ; viru-
lence, 543.
Staphylolysin ; see Staphylococcus.
Ktegomyia {aaclata and its relation to yellow fever.... 713

Streptococel In scarlet fever............. 26, 5290, .)23 627
Blreptococcus brevis ..........viiiiiinieiiiiieaaan 516
Btreptococcus erysipelatis ........... ... i 516
Btreptococcus longug ..........coviiiiieeiennnnns 516
Streptococcus mucosus capaulatun .................... 516
Btreptococcus PYOJENCS . ov v vvevvin i 517-537

Agglutination, 206, 030 5'!7. animals, susceptibility
of, 518 ; antagonlsm for B. anthracis, 494, 528 : for B.

tubcrculoala. 52 ‘um, properties
of, 529, 335 ; an oley’s mixture,
529 ; cultivation 1, 524 ; discov-
ery, 515; endo 513, 520, 521 ;
lmmunltv. 316, 1atria, 524 : in-
fections, miscell nfluenza, 567 ;
leucocytes and in meningitis,
520, 557; in m 615 ; opsonins,
H31; ,_phagocvt( eumonla, 501,
.vl0. 520, 521, pPDeumococcus,

503 ; reslstance, 517 ; in rheumatic fever, 520 359 ;

in scarlet fever, 206, 520, 521, 533: serothera ‘{)'{
534-5036; serums, univalent and polyvalent 4

ntreptocol)sln 519, 520; symbiosis with B. {l -
enze, 564 tissue reactlons 144 ; toxic properties,
D19, o20 529 toxin for erythrocyten; see repto-
colvs!n‘ toxin' for leucocytes, 519 ; In tuberculosis,
521, 522, 501, 592; tumors, tnfluence on, 529: in
typbold tever, 439 unity, question of, H32; varle-
tles, 516; virulence, 518.

Streptococcua acarlating ............ . i 527
Streptocolysin ... i 519, 520
Streptothrix, Infectlons with........................ 634

Streptothric madur@ . ... e e 634
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action, 142; phallin, 428; of pollens, 426 ; preclpi-
tation of, 177 ; preparation, 177 ; properties of, 176,
352; as receptors of, second order, 351; ricin, 427;
robin, 427 ; secondary or adventitious, 178; toxin
si)ectrum, 104, 353 ; standardization of, 183 ; staph-
ylolysin, 538 ; structure, 191 ; toxophores, 193, 353 ;
see side-chain theory: union with tissue cells, 177,
200, 344, 348, 366, 368, 415; vegetable, 21, 425-
428 ; see individual micro-organisms.

Toxofds .....ovviiiiiiiiiiiiii i 103-196, 353
TOXON . .viiveenranerenntenerananssasnsnnns 195, 35, 408
Toxophorous group, t(l)xophore .................. 1?3. 351
Trichomonas intestinalis, morphology and pathogenicit

of o ) ToTRRoLosy SnC . mhosen 699, 694
Trichomonas vaginalis ..............c.cviiiviinnnns 693
Trichophyton .......coiiuinieiiinennnneeernannnneens 640
Tritotoxin ....... ..ttt 196, 353
TIYPANOSOMA ..ot vevuoncoscsssaosseossenssoncens 670

Agglutination of, 671; cultivation of, 679, 681 ; mor-
phology of, 670; multiplication of, 671; rosette
formation by, 671; sleeping sickness, 673 ; species
of, 670, 671, 677; trypanosomatic fever, 873.

Trg AN0SOMAtIC fever ........ccoovieeecacicnnnnans 673
eeping sickness, relation to, 673, 674; symptoms
of, 874 ; trypanosomes in, 674.

Trypanosomiasis8 .........c.ceiveieennenarcnnnenns 670-684

Agglutination reactions, 684 . immunltf and suscepti-
bility, 683; in man, 673-8677; parasites, occurrence
of in the blood, 678 ; serotherapy of, 684; “trypan-
roth” in treatment of, 684; vaccination in, 35
gsee Sleeping sickness and Trypanosomatic fever.

Trypanosomiasis in animals...................... 678-683
ourine, 682; horses, cattle and mules, 680-683; mal
de cederas, 682 : nagana. 680; in rats, 679; surra,
681 ; symptomatology, 678.

“Trypanroth” in treatment of trypanosomiasis....883, 684

Tsetse flles, in transmission of trypanosomiasis; see
Trypanosomiasis.

Tuberculin of Koch and others...... 363, 364, 578, 579, 580

Dangers, errors and limitations In use, 601, 602:
diagnostic use of, 599-603, 612 : disturbances caused
by, 599 : immunization with, 577, 598, 599 ; pre&m-
ration of, 578 ; principles of action, 608 : specificity
of, 601, 6802 ; standardization of, 578, 580 ; therapy,

602. 603.
Tuberculoeldin .. ... . . i i e e e 580
Tuberculosis ......... ... it 25, 573-6135

Agglutination as an index of immunity to, 607: ag-
glutination reaction, 607, 610 ; amylold degeneration
in, 591; “anatomic tubercle.” 585; in animals, 593,
611 ; avian, 612; bovine, 611 ; bovine, relation of, to
human, 582, 583 ; congenital, 684 ; disinfection in,
593 ; dissemination by means of phagocytes, 588;
“droplet Infection,” 585; *dust infection,’ 0585
hcaling, spontancous, 587 ; heredity in, 596; immu-
nity and susceptibility, 128, 130, 169, 593, 597, 599,
607 ; immunization, mixed. 609 ; infection atria, 585,
586 Infectiveness of, H73; latent, 584 ; lupus vul-
garis, 583 ; metastases in, 586 ; millary, 587 ; mixed
infections in, 591 : organs attacked, H85, 586: pha-

ocytosis, 588 ;: pneumonia during, 510; predispos-
ng factors to. 595; primary and secondary, 587:
prophylaxis, 592, 593; pulmonary, 585; sero-
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tlon of, 470, 471 ; non-neutralization of endotoxin of,
{ its spec‘ﬂc bactericidal sérum, 233 ; occurrence
of water, 472; resistance and viability of, 471' see
Cholera ; symblosls with Ameba coli, 688 ; soluble
toxin, 475. specificity of, 24; toxlclty of culture
filtrates, 475; toxlclty of killed cultures, 475.
Vibrio metchnikori ........ Bt ieeiisee e ... 10
Virulence .......c.iiiiiiiiiiiiiiiiiiiirnnnenanns 88
Increase of, in the presence of other mlcro—orgunlsms,
31; influence of, on inflammatory reaction, 144 ;
relation of, to phagocytosis‘ 315; speclallzntlon of,
89 ; see different micro- orgﬂnlsms.

Virulin_ ... ..o it i 121, 338
Wasp Polson, antitoxin tor...... .. [ ceeeaeen 203
Wassermann reactlon ............c.cociiiiieann . 284

Antigen in, 285; technlc, 286 value of, 290 ; In non-
syphilitic dlseases 291,
Whooping cough ( rtussls) ettt sae et eas e 750-765
Contagliousness, 754 ; culturnl characteristics and
at ogenlclty ot the influenza-like bacilll, 751:
mmunity and susceptibility, 754: influenza-lke
bacillus in, 751; influenza-like baclllus relation to
whooping cough 753; Micrococcus catarrhalis in,
550 ; micro-organisms in, 750; prophylaxis, 754:
pseudolnﬁuonza bacilli In, 585; serotherapy, 754:
virus, disseminatlon of, 753.
“Water-borne” epidemics; "cholera dysentery. typhold
.................. 435, 457, 473
Welch, hypothesis of
Widal reaction ............... ... .. . i, 225
See Agglutination.
Wool-sorters’ disease ; “sce Anthrax.
Wright's method of vaccination.
Staphylococcus infections, 548; typhold fever, 443,

444,
Yellow fever ..........cveuieevenencanns ....25, T11-720

Acclimatization, questlon or 719 ‘altitude and mofs-
ture, relation to, 715; Bacillus {cteroides in, 712,
713; cold, relation to 715; epldemiology, T15;
fomltos T14, 715; lmmunlty, acquired, 714, 720'
lmportntlon by shlps 718 ; incubation perlod 714 ;
mosquito theory of, 712 ; se also Btegomyla fasciata ;
non-contaglousness of, 715' occurrence, 711; pro-
phylaxis and qunrnntlm- of 715, 716, 718, 719;
virus, filterability of, 7147 virus, resistance of,
718 ; serotherapy, 120. susceptlblllty to, 719.

Zoipreclpiting ........ Ceeeeaane e tteeesaa e 23d
Zodtoxins ........... . i, et 43]
Zwischenkdrper, synonyms for..... Ceeeeeeen ceeeee.. 263

Zymotoxic groups ...............0.0000 e e 222
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